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ABSTRACT

Cocoa production in Indonesia has been decreasing; one reason is the decrease in land area. Expanding
cocoa fields requires good seeds. This study aimed to determine the growth response of cocoa seedlings
to the application Technique and dosage of mature coconut water and to determine the best application
technique and dose of mature coconut water on the growth of cocoa seedlings. The experiment was
conducted from April to August 2021 in the Ciparanje experimental field, Faculty of Agriculture,
Universitas Padjadjaran, Jatinangor. The experiment used was a randomized block design (RBD) with ten
treatment combinations. The treatments used are A = Control (Without application of coconut water); B =
Urea 2 g/plant (synthetic fertilizer control); C = 200 mL foliar application ; D = 150 mL foliar
application; E = 100 mL foliar application; F = 700 mL soil drench; G =525 mL soil drench; H = 350 mL
soil drench; |1 = 50 mL foliar application + 175 mL soil drench L; J = 100 mL foliar application + 350 mL
soil drench. The experimental results showed that applying mature coconut water with foliar application
with a dose of 100 mL consistently improved the height, chlorophyll content index, and root volume of
cocoa seedlings. Meanwhile, a 525 mL soil drench dose has the best effect on plant height and root
volume.
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INTRODUCTION

Chocolate is made from cocoa, while other
products can be used as beverages, cosmetics,
and health ingredients. Many cocoa plants grow
in Indonesia. However, recently, there has been
a decline in cocoa production in Indonesia.
Based on data from the International Cocoa
Organization (ICCO), there has been a decline
in Indonesian cocoa production. Hen compared
with the country with the highest cocoa
production in the world, namely Ivory Coast; in
2019/2020, Indonesia's cocoa production was
only ten percent, while in 2020/2021, it
decreased to only eight percent (International
Cocoa Organization, 2022; International Cocoa
Organization, 2023). Many factors can
contribute to the decline in cocoa production in
Indonesia, such as a decrease in the area of the
cocoa plant, old cocoa plants, and inappropriate
maintenance measures. The area of Indonesian
cocoa plantations in 2021 was 1.46 million
hectares; in 2020, it reached 1.51 million
hectares; in 2019, it was 1.56 million hectares
(Directorate of Food Crops, Horticulture and
Plantation Statistics, 2022).

It is necessary to increase cocoa
production, considering that Indonesia's climate
and soil conditions suit cocoa plants. Increasing
production can be done through extensification
and intensification activities. Intensification
activities can be carried out, starting with cocoa
seedlings. In nurseries, cocoa plants need
sufficient nutrition to grow and develop. A
source of nutrition commonly used in cocoa
nurseries is the addition of 2g of urea/plant,
which is given every two weeks (Ministry of
Agriculture of Indonesia, 2014). However, an
experiment has shown no effect of urea fertilizer
and manure and their combination on the
growth of cocoa seedlings (Sudarma et al.,
2022). The use of inorganic fertilizers certainly
has its disadvantages. Therefore, it is necessary
to look for alternatives to organic matters. One
of them is coconut water.

Mature coconut water can become waste if
it is no longer used because the most significant
part used is the solid endosperm. It can be
obtained from traditional markets. Nutrients and
growth hormones in mature coconut water can
benefit plants. There are macronutrients for the
plant, namely N 0.05%, P 0.013%, K 0.56%, Na
0.06%, Ca 0.13% and Mg 0.04%; there are also
growth hormones (IAA 0.0012%; GA3 0.0008;
ABA  0.0013%; zeatin 0.0011%) and
microelements (Fe 27.89ppm; Mn 3.10ppm, Pb
11.56 ppm, B 0.93ppm and S 4.87ppm)
(Rosniawaty et al., 2021a). Besides nutrients,
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one of the advantages of using coconut water is
the presence of growth hormones such as auxin
and cytokinin, which play a role in plant
growth. Auxins stimulate the elongation growth
of shoots and initiate the production of
adventitious and lateral roots, while cytokinins
are responsible for stimulating the growth of
lateral shoots; they also stimulate cytokinesis
and, consequently, cell division (Sosnowski,
2023). Auxin stimulates plant cells to elongate,
and the apical meristem of a plant is one of the
main places where auxin is produced. It
promotes stem elongation, inhibits lateral bud
growth, and maintains apical dominance (Jamil
et al., 2021). Experimental results of Puspitorini
(2016) concluded that the effect of this natural
growth regulator on the shoots was better than
without growth regulator application.

Several studies have revealed that coconut
water has an impact on plant growth. Previous
research showed that 50% coconut water
treatment best-affected plant height, stem
diameter, number of leaves, and leaf area of
cocoa seedlings (Rosniawaty et al., 2020a).
Various concentrations of coconut water
influence the accumulation of dry matter in
cocoa seedlings. However, the concentration of
coconut water does not affect the chlorophyll
index, and a concentration of 50% is considered
the optimum level. Hence, the dry matter
accumulation in cocoa seedlings is better and
can be an alternative fertilizer for cocoa
seedlings (Roshiawaty et al., 2021b). Providing
50% coconut water to tea plants increases stem
diameter, number of leaves, shoot length, and
number of shoots in tea plants in the lowlands
(Rosniawaty et al.,, 2018). Applying 50%
coconut water and BAP 120 ppm increased the
number of branches, and 50% coconut water
increased the leaf area (2,072 cm?®) after the
second centering in the lowlands (Rosniawaty et
al., 2020b). Coconut water with a concentration
of 50% tends to increase the height of young
coconuts (Ariyanti et al., 2018).

Much research has been done on the effect
of coconut concentration on plants, but further
research needs to be done on how much dose
and how to apply it. The dose determines how
much the plant needs coconut water. Coconut
water is a liquid material that can be applied
through foliar or soil drench. In foliar
application, coconut water can enter stomata on
leaves, but the effectivity depends on leaf
surface evaporation or rainfall. According to Hu
et al. (2023), the leaf surface's structure and
chemistry are essential in determining the bi-
directional diffusion of substances between the
leaf surface and the surrounding environment
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and the wuse efficiency of foliar-applied
nutrients. Application through the roots takes
time until it is ready to be absorbed by the roots.
Kentelky & Szekely-Varga (2021) stated that
foliar fertilization can be absorbed directly
through the leaves and transported more quickly
and efficiently to the other plant organs than
root fertilization. This research aims to find
doses and methods of application of coconut
water that can increase cocoa seedlings'
growth—knowing the optimum dose and
application method.

MATERIALS AND METHODS

The experiment was conducted at the Ciparanje
Experimental Field, Faculty of Agriculture
Universitas Padjadjaran, Sumedang Regency,
725-800 meters above sea level. According to
the  Schmidt-Ferguson classification, the
experimental location has climate type C. The
experiment was carried out from April 2021 to
August 2021.

The materials used in the experiment were
cocoa seeds cultivar Sulawesi 01, polybags 20
cm x 30 cm, urea, and mature coconut water
from 10-11 month-old coconuts. The tools used
were a hand sprayer, a chlorophyll meter model
CCM-200 Plus, and a measuring cup. The
experiment used a randomized block design
(RBD), which consisted of 10 treatments with
three replications and four plant samples for
each plot. The treatments were: A = Control
(Without application of coconut water); B =
Urea 2 g/plant (synthetic fertilizer control); C =
200 mL foliar application ; D = 150 mL foliar
application ; E = 100 mL foliar application ; F =
700 mL soil drench ; G = 525mL soil drench; H
= 350mL soil drench; I = 50 mL foliar
application + 175m soil drench L; J = 100mL
foliar application + 350 mL soil drench

The cocoa seeds were placed in beds with
dimensions 11 m x 4.25 m x 0.2 m. The beds
were shaded with 60% density paranet.
Polybags were placed on the bed at a distance of
15 cm x 30 cm. Both urea fertilizer and coconut
water treatments are given once every two
weeks. Urea fertilizer was applied by sprinkling
it around the stem (Ministry of Agriculture of
Indonesia, 2014). The dose of coconut water for
foliar application was measured by calibration,
while the dosing of the soil drench was based on
field capacity. It was applied in the morning at
07.00 — 08.00. Coconut water in foliar
application treatments was sprayed on leaves
evenly on the top and bottom surfaces, while
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soil drench treatments were given to planting
medium with a concentration of 50%. The
dosage for the treatment was given for six
applications (every two weeks), starting four
weeks after planting (0 weeks after application)
until 20 weeks after planting.

The observed variables were the height of
the cocoa seedling, chlorophyll index, and root
volume. The height of the cocoa seedlings was
measured from the base of the stem to the
growing point of each cocoa seedling, carried
out every two weeks, starting at age four weeks
after application (WAA) until age 16 weeks
after application. The chlorophyll index was
measured on the third leaf using a model CCM-
200 Plus every two weeks, starting at 4 — 16
WAA after application. The dry weight of the
roots and root volume were observed at the end
of the experiment. The analytical scale
measured the dry weight of the roots; roots were
cleaned from the soil and then dried in the oven
at 80°C for 48 hours until they reached a
constant weight.

Meanwhile, root volumes were made by
placing the roots in a measuring cup filled with
water. The root volume is the difference in the
volume of water in the measuring cup after the
roots are inserted. Data analysis was conducted
using the Duncan Multiple Range Test at a 95%
confidence level.

RESULTS AND DISCUSSION

Results

The statistical analysis showed an
influence of the application method and the
coconut water dose for cocoa height at 16 weeks
after application (WAA). It can be seen in Table
1 that coconut water affected cocoa seedlings at
the age of 16 WAA; The foliar application
treatments at all doses (treatments C, D, and E)
and 525 mL soil drench treatment (treatment G)
gave higher plant height compared to the
treatment without application of coconut water
(treatment A), 2 g urea application/plant
(synthetic fertilizer control as treatment B) and
350 mL soil drench (H).

The statistical analysis showed that the
method of application and dosage of coconut
water influence the chlorophyll content index of
cocoa seedling leaves (Table 2). In general,
treatment E, namely application to plants
100mL, showed the highest chlorophyll index
for all ages of observation. Small doses have a
better effect than large doses.
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Table 1. Application Method and Dosage of Coconut Water on The Height of Cocoa Seedlings

Cocoa Seed Plant Height (cm)

Treatments AWAA _8WAA  12WAA 16 WAA
A = Control (Without application of coconut water) 16.12a 17.17a 18.43a 19.23b
B = Urea 2 g/plant (synthetic fertilizer control) 15.90a 17.20a 18.40a 19.00 b
C =200 mL foliar application 16.98a 18.63a 20.94a 23.09a
D = 150 mL foliar application 17.75a 19.08a 19.78a 22.72 a
E = 100 mL foliar application 17.26a 18.98a 20.76a 22.64a
F =700 mL soil drench 16.68a 17.66a 19.28a 20.25ab
G =525 mL soil drench 18.60a 19.95a 21.13a 22.88a
H =350 mL soil drench 16.58a 17.43a 18.44a 19.40b
Lr—e;tzhplants 50 mL foliar application + 175 mL soil 18.03a 19.10a 20.70a 21.79 ab
J= té)rénnlzﬂts 100 mL foliar application + 350 mL soil 17.37a 19.03a 19.993 2136 ab

Note: According to the Duncan Multiple Range Test at a 95% confidence level, numbers followed by
letters in the same column showed significant differences.

Discussion to stomata, cuticles, trichomes, veins, and other

The application of coconut water has an
effect 16 weeks after application because 16
weeks after planting, many leaves have grown
and matured. The suit of application time refers
to the statement of Alshaal & El-Ramady (2017)
that the age of the leaf and pH of the spray
liquid are essential for foliar absorption. The
foliar application treatments at all doses (C, D,
and E) and 525 mL soil drench treatment
(treatment G) gave higher plant height. This can
happen because the application to the plant can
directly enter the leaves through open stomata,
which is used directly in the photosynthesis
process, and the photosynthesis is used for plant
height growth. The main pathways for water
and solute absorption in leaves may be related

epidermal structures (Fernandez et al., 2021).

Furthermore, the applied nutrients can
enter the leaves by penetrating the cuticle or the
stomata before entering plant cells for
metabolism (Alshaal & EI-Ramady, 2017). It
can be seen in Table 1 that the application of
coconut water can increase plant height growth
when compared to the application of urea as an
inorganic fertilizer. This can be a consideration
when using coconut water in cocoa seedlings.

In mature coconut water, the element Mg
is present. The element Mg is a constituent of
chlorophyll. Ishfaq et al. (2022) stated that Mg
is the fundamental component of chlorophyll
(Chl) pigments in the light-capturing complex
of chloroplasts and, hence, is involved in
photosynthetic CO2 assimilation.

Table 2. Application Method and Dosage of Coconut Water on Chlorofil Content Index of Cocoa

Seedlings
Treatments Chlorophyll Content Index

4 WAA 8 WAA 12 WAA 16 WAA
A = Control (Without application of coconut
water) 15.26 d 18.69 de 20.86 of 2291c
B = Urea 2 g/plant (synthetic fertilizer control) 16.87 cd 18.54 e 20.34 f 22.07c¢c
C =200 mL foliar application 23.81 ab 26.83 a 29.83 ab 32.86 b
D =150 mL foliar application 23.01 abc 25.03 ab 27.23 bed 29.28 b
E =100 mL foliar application 2447 a 2891a 33.42a 36.98 a
F =700 mL soil drench 16.18d 20.81 bcde 25.63bcde  30.65b
G =525 mL soil drench 19.58 abcd 23.81 abcd 28.33 bc 32.36 b
H = 350 mL soil drench 17.74 bed 19.59 cde 23.14 def 25.21¢
I = to plants 50 mL foliar application + 175 mL
soil drench 21.12 abcd 24.42 abc 27.93 bed 31.00b
J =to plants 100 mL foliar application + 350
mL soil drench 19.99 abcd 21.61 bcde  23.33 cdef 25.40 ¢

Note: According to the Duncan Multiple Range Test at a 95% confidence level, numbers followed by
letters in the same column showed significant differences.
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Table 3. Application Method and Dosage of Coconut Water on The Root Volume of Cocoa

Seedlings
Treatments Root Volume (cm®) 16 WAA
A = Control (Without application of coconut water) 15,00 b
B = Urea 2 g/plant (synthetic fertilizer control) 15,00 b
C =200 mL foliar application 21,67 a
D = 150 mL foliar application 26,67 a
E =100 mL foliar application 28,33 a
F =700 mL soil drench 28,33 a
G =525 mL soil drench 26,67 a
H =350 mL soil drench 23,33a
| = to plants 50 mL foliar application + 175 mL soil drench 21,67 a
J =to plants 100 mL foliar application + 350 mL soil drench 28,33 a

Note: According to the Duncan Multiple Range Test at a 95% confidence level, numbers followed by
letters in the same column showed significant differences.

Magnesium (Mg) is an essential nutrient
for various basic physiological and biochemical
processes in plants, primarily involved in
chlorophyll synthesis, production, transport, and
utilization of  photoassimilates,  enzyme
activation, and protein synthesis Ishfag et al.
(2022). Absorption through the leaves is also
more effective in increasing the chlorophyll
index of cocoa seedling leaves. Foliar applied
fertilizer increases nutrient use efficiency and
reduces nutrient leaching and application costs
(Atta et al., 2020).

As an organic material, coconut water can
stimulate root growth because old coconut water
contains macronutrients, micronutrients, and
growth hormones. The cytokine hormone in
coconut water can help the formation of
nitrogen in the roots. Sathiyavani et al. (2017)
suggested that cytokines can control nitrogen
assimilation in roots. By adding N to the roots,
root growth also increases. The amount of N
fertilizer influenced the root morphology
(Sathiyavani et al., 2017). The presence of auxin
in coconut water helps root growth. Auxin
regulates root system architecture by controlling
primary root elongation and lateral root (LR)
formation (Alarcén et al., 2019).

CONCLUSION

The experimental results showed that
applying mature coconut water with foliar
application with a dose of 100 mL consistently
improved the height, chlorophyll content index,
and root volume of cocoa seedlings. Meanwhile,
a 525 mL soil drench dose has the best effect on
plant height and root volume.
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